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MAGNETO-OPTICAL RECORDING 
MEDIUM HAVING A SIGNAL 

REPRODUCING REGION OF THE 
REPRODUCING LAYER LARGER THAN 
THE RECORD BIT IN THE RECORDING 

LAYER 

FIELD OF THE INVENTION 

The present invention relates to a magneto-optical record 
ing medium for carrying out information recording and 
reproduction by using a modulated light beam and/or mag 
netic ?eld. 

BACKGROUND OF THE INVENTION 

Conventionally, magneto-optical recording media using 
the magneto-optical effect have been knoWn as an informa 
tion recording medium With a large capacity capable of 
performing repetitive re-Writing operations. And various 
studies and researches have been made in order to achieve 
high-density recording in the magneto-optical recording 
medium. 

HoWever, one of the disadvantages With this magneto 
optical recording medium of this type is that When the 
diameter of a recording bit that forms a recording domain or 
When the interval of the recording bits is relatively small 
With respect to the diameter of a light beam spot focused on 
the recording medium, the reproducing characteristic dete 
riorates. 

This is caused by the fact that in the case of the small 
diameter of a record bit or the small interval betWeen record 
bits, since adjacent record bits are included Within the spot 
of a light beam Which has been converged on a target record 
bit to be reproduced, individual record bits can not be 
reproduced separately from other record bits. 

Magneto-optical recording media, Which are devised to 
overcome the above-mentioned disadvantage, have been 
proposed by reference (1) Japanese Laid-Open Patent Pub 
lication No. 150418/1994 (Tokukaihei 6-150418) and ref 
erence (2) “Ultra-high density magneto-optical disk using a 
magnetic-domain enlarging reproduction”, 22pE-4 in papers 
of the 20th Symposium of Japan Applied Magnetics Society 
(1996). 

In a construction described in reference (1) (hereinafter, 
referred to as the ?rst prior art medium), a reproducing layer, 
Which exhibits in-plane magnetiZation at room temperature 
and comes to exhibit perpendicular magnetiZation With 
temperature rises, is provided. Further, a non-magnetic 
intermediate layer is placed betWeen the reproducing layer 
and the recording layer so that a magnetostatical coupling is 
realiZed betWeen the reproducing layer and the recording 
layer. 

Thus, the ?rst prior art medium is designed so that the 
portion of the reproducing layer that is in the in-plane 
magnetiZation state is alloWed to mask record bits (recording 
magnetic-domain information) of the recording layer corre 
sponding to the above-mentioned portion. In other Words, in 
the ?rst prior art medium, this mask prevents record bits 
adjacent to the record bit to be reproduced from being 
included Within the light beam spot, thereby making it 
possible to reproduce individual record bits separately. 

In a construction as described in reference (2) 
(hereinafter, referred to the second prior art medium), a 
non-magnetic intermediate layer is interpolated betWeen the 
recording layer and the reproducing layer in the same 
manner as the construction described in reference Here, 
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2 
in this construction, a magnetic domain Which is larger than 
the record bit on the recording layer is formed on the 
reproducing layer by a magnetic ?eld generated from the 
recording layer. The reproducing system of this type, Which 
carries out a reproducing operation by forming a magnetic 
domain larger than the record bit on the reproducing layer, 
is referred to as the magnetic-domain enlarging reproduction 
system. 

HoWever, it has been found that in the ?rst prior art 
medium, When the diameter of a record bit is made 
extremely small, or When the interval betWeen record bits is 
made extremely small, the intensity of the reproduced signal 
decreases, failing to provide suf?cient reproduced signals. 

Moreover, in the second prior art medium, a reproducing 
operation is not available unless the respective record bits 
are maintained in an isolated state. In other Words, When the 
interval betWeen the record bits in the recording layer is 
small (in the case of a high recording density), a plurality of 
record bits are located under the domain of the reproducing 
layer. In this case, the magnetic domain of the reproducing 
layer is subjected to magnetic ?uxes (magnetic ?elds) from 
the plural record bits. That is, the problem With this con 
struction is that it is not possible to apply only the magnetic 
?ux from the record bit to be reproduced to the magnetic 
domain of the reproducing layer. 

SUMMARY OF THE INVENTION 

The objective of the present invention is to provide a 
magneto-optical recording medium Which can generate a 
preferable reproduced signal by copying only the magneti 
Zation of a record bit to be reproduced onto a reproducing 
layer, even in the case When the diameter of record bits in the 
recording layer is made extremely small or When the interval 
of the records bits is made extremely small. 

In order to achieve the above-mentioned objective, the 
magneto-optical recording medium of the present invention 
is provided With: a recording layer that is made of a 
perpendicular magnetiZation ?lm and that has record bits for 
recording information; a reproducing layer that is main 
tained in a perpendicular magnetiZation state in a signal 
reproducing region in Which the magnetiZation of each 
record bit on the recording layer is copied onto said region; 
and a ?rst shielding layer that is formed betWeen the 
recording layer and the reproducing layer and that prevents 
magnetiZations of recorded bits other than the record bit to 
be reproduced in the recording layer from being copied on 
the reproducing layer. 

In the above-mentioned construction, the recording layer 
is a magnetic ?lm on Which record bits for recording 
information are formed. Further, the reproducing layer is a 
magnetic ?lm Which is maintained in the perpendicular 
magnetiZation state at least in the signal reproducing region. 
The signal reproducing region serves as a region on the 

reproducing layer Which copies the magnetiZation of a 
record bit to be reproduced. In the above-mentioned 
construction, information, recorded in the record bit to be 
reproduced, is reproduced by receiving a re?ected light 
beam from the region. 

Here, the signal reproducing region is a high-temperature 
portion that is formed, for example, by applying a light beam 
thereto. Further, With respect to the magnetiZed state of 
regions other than the signal reproducing region in the 
reproducing layer, any state may be used; hoWever, it is 
preferable to maintain them in the in-plane magnetiZation 
state. 

In the above-mentioned construction, the ?rst shielding 
layer is formed betWeen the recording layer and the repro 
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ducing layer. The ?rst shielding layer is used for preventing 
the magnetization of record bits other than the record bit to 
be reproduced from being copied onto the signal reproduc 
ing region of the reproducing layer. 

In other Words, the ?rst shielding layer is, for example, 
exchange coupled or electrostatically coupled With the mag 
netiZation of the record bits other than the record bit to be 
reproduced so that the leakage magnetic ?eld from the 
magnetiZation does not affect the reproducing layer. Then, 
the leakage magnetic ?eld of the record bit to be reproduced 
is transmitted through the ?rst shielding layer or the mag 
netiZation of the record bit is copied thereon, With the result 
that the magnetiZation of the record bit is copied onto the 
signal reproducing region of the reproducing layer. 

With this construction, in the above-mentioned magneto 
optical recording medium, even When record bits in the 
recording layer are designed to have a high density, the 
magnetiZation of record bits other than the record bit to be 
reproduced gives no adverse effects on the reproducing 
layer. For this reason, only the magnetiZation of the record 
bit to be reproduced is copied onto the signal reproducing 
region of the reproducing layer. Therefore, by using the 
magneto-optical recording medium of this type, it becomes 
possible to obtain a desired reproduced signal even When 
information recorded With high density is reproduced. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory draWing Which shoWs the con 
struction and the reproducing principle of the magneto 
optical recording medium of the present invention. 

FIG. 2 is an explanatory draWing Which shoWs the con 
struction and the reproducing principle of a conventional 
magneto-optical recording medium. 

FIG. 3 is an explanatory draWing Which shoWs a repro 
ducing operation of the conventional magneto-optical 
recording medium, Wherein record bits in a recording layer 
are enlarged and copied onto a reproducing layer. 

FIG. 4 is an explanatory draWing Which shoWs a repro 
ducing operation of the conventional magneto-optical 
recording medium, Wherein record bits, Which are formed 
With high density in the recording layer, are enlarged and 
copied onto the reproducing layer. 

FIG. 5 is an explanatory draWing Which shoWs a con 
struction of the magneto-optical disk in accordance With the 
?rst embodiment of the present invention. 

FIG. 6 is a graph that shoWs the results of measurements 
on the mark-length dependence of CNR With respect to a 
sample of the magneto-optical disk shoWn in FIG. 5 and 
other samples. 

FIG. 7 is an explanatory draWing that shoWs the construc 
tion of a magneto-optical disk in accordance With the second 
embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

The folloWing description Will discuss the magneto 
optical recording medium of the present invention. 

First, prior to explaining the construction and function of 
the magneto-optical recording medium of the present 
invention, an explanation Will be given of the construction 
and function of a conventional magneto-optical recording 
medium. 
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4 
FIGS. 2 through 4 are explanatory draWings that shoW the 

construction and function of the conventional magneto 
optical recording medium (hereinafter, referred to as the 
prior art medium). As illustrated in FIG. 2, the prior art 
medium has a reproducing layer 91, a non-magnetic inter 
mediate layer 92 and a recording layer 93. 
The reproducing layer 91 is made of an alloy of a 

rare-earth metal and a transition metal, and upon irradiation 
With a light beam 94, the portion having a temperature rise 
to not less than a predetermined transition temperature 
comes to exhibit perpendicular magnetiZation. 
The recording layer 93 is made of an alloy of a rare-earth 

metal and a transition metal, and has its compensation 
temperature at room temperature. Moreover, record bits for 
recording information are formed on the recording layer 93. 
In FIG. 2, the record bits are represented by portions on the 
recording layer 93 that are divided by broken lines. Further, 
in this Figure, the record bit that is to be reproduced is 
referred to as record bit 106b, and records bits adjacent to 
record bit 106b are referred to as record bits 106a and 106c. 
Here, the compensation temperature refers to a temperature 
at Which the magnitude of the magnetic moment of the 
rare-earth metal balances the magnitude of the magnetic 
moment of the transition metal. 
The non-magnetic intermediate layer 92 is formed 

betWeen the reproducing layer 91 and the recording layer 93, 
and makes it possible to achieve magnetostatical coupling 
by cutting off the exchange coupling betWeen the reproduc 
ing layer 91 and the recording layer 93. 
When the prior art medium is subjected to a reproducing 

operation, a light beam 94 is converged and directed from 
the reproducing layer 91 side. Upon irradiation With the light 
beam 94, a temperature distribution, Which shoWs a Gaus 
sian distribution corresponding to the intensity distribution 
of the light beam 94 as shoWn in FIG. 2, is formed on the 
prior art medium. 

FolloWing the formation of this temperature distribution, 
only the magnetiZation of the record bit 106 in the center of 
the spot of the light beam 4 that has a temperature rise 
exceeding a predetermined temperature is alloWed to 
increase. Further, due to a leakage magnetic ?eld caused by 
the increased magnetiZation, the magnetiZation direction of 
the recording layer 91 is made coincident With that of the 
record bit 106b, With the result that a magnetic domain 103, 
Which is a copy of the magnetiZation direction of the record 
bit 106b, is formed on the recording layer 91. 

Then, information is reproduced by detecting as a change 
in the Kerr rotation angle the magnetiZation direction of the 
magnetic domain 103 to Which the magnetiZation direction 
of the record bit 106b has been copied, thereby achieving a 
super-resolution reproducing operation. 

Here, in the prior art medium, the greater the magnetic 
domain 103 formed on the reproducing layer 91, the greater 
the reproduced signal. FIG. 3 is an explanatory draWing that 
shoWs a state in Which the enlarged magnetic domain 103a 
is formed in the reproducing layer 91 of the prior art 
medium. As shoWn in this Figure, in this state the enlarged 
magnetic domain 103a is formed in the reproducing layer 
91. The enlarged magnetic domain 103a is larger than the 
record bit 106b of the recording layer 93, and has a siZe as 
large as 1 pm that is the spot diameter of the light beam 94. 
The CNR (carrier to noise ratio) of the reproducing signal 

is increased by forming such an enlarged magnetic domain 
103a in the reproducing layer 91; therefore, it is possible to 
obtain a high-quality reproduced signal. 

HoWever, the direction of magnetiZation in the reproduc 
ing layer 91 is determined by a leakage magnetic ?eld from 
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the recording layer 93. Therefore, in the case of information 
recorded on the recording layer 93 With high density, it is not 
possible to desirably copy the magnetiZation from the 
recording layer 93 to the reproducing layer 91. 

In other Words, in a state as shoWn in FIG. 3, record bit 
106b having the upWard magnetiZation direction exists in an 
isolated manner among those record bits having the doWn 
Ward magnetiZation direction. In this state, the portion 
irradiated With the light beam 94 in the reproducing layer 91 
is in?uenced by a leakage magnetic ?eld exerted by only one 
record bit 106b. Consequently, an enlarged magnetic domain 
103a corresponding to this record bit 106b is formed on the 
reproducing layer 91. 

HoWever, When random high-density recording is 
attempted by narroWing the intervals of the record bits in the 
recording layer 93, the portion irradiated With the light beam 
94 in the reproducing layer 91 tends to be in?uenced by 
leakage magnetic ?elds exerted by a plurality of record bits. 

FIG. 4 is an explanatory draWing that shoWs a state in 
Which leakage magnetic ?elds from record bit 106b and 
record bits 106a and 106C adjacent thereto are exerted on the 
reproducing layer 91. As illustrated in this Figure, in the case 
When the magnetiZation direction of record bit 106b is 
opposite to the magnetiZation direction of record bits 106a 
and 106C, the in?uence of the leakage magnetic ?eld, 
exerted on the enlarged magnetic domain 103a from record 
bit 106b, is Weakened, thereby making it difficult to copy the 
magnetiZation direction of record bit 106b. Moreover, in the 
case When a plurality of record bits 106a and 106C having 
the upWard magnetiZation are located close to each other to 
a certain degree, the magnetiZation direction of these record 
bits 106a and 106C tends to be copied onto the enlarged 
reproducing magnetic domain 103, thereby making it dif? 
cult to carry out a desired reproducing operation. 

Consequently, in this state, it becomes impossible to 
accurately reproduce information corresponding to the 
record bit 106b. Further, this state raises another problem in 
Which the magnetiZation of the reproducing layer 91 
becomes susceptible to in?uences of external ?oating mag 
netic ?elds, etc. 

Next, the folloWing description Will discuss the magneto 
optical recording medium (hereinafter, referred to as the 
present recording medium) of the present invention. The 
present recording medium is a magneto-optical recording 
medium for carrying out a super-resolution reproducing 
operation. 

FIG. 1 is an explanatory draWing that shoWs the construc 
tion and the reproducing principle of the present recording 
medium. As illustrated in this Figure, the present recording 
medium is constituted by a reproducing layer 1, a second 
shielding layer 2, a non-magnetic intermediate layer 3, a ?rst 
shielding layer 4 and a recording layer 5 that are stacked in 
this order. Here, arroWs in FIG. 1 indicate the magnetiZation 
directions of the respective layers. 

The reproducing layer 1 is a magnetic ?lm made of an 
alloy of a rare-earth metal and a transition-metal, and upon 
irradiation With a light beam, the irradiated portion comes to 
exhibit perpendicular magnetiZation. 

The second shielding layer 2, Which has a predetermined 
critical temperature T2, is formed so as to be adjacent to the 
reproducing layer 1. The second shielding layer 2 Will be 
discussed later. 

The non-magnetic intermediate layer 3, Which is consti 
tuted by, for example, a ?lm made of a non-magnetic metal, 
a ?lm made of a non-magnetic dielectric, or a layer made of 
a stacked ?lms of these, is provided so as to achieve 
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6 
magnetostatical coupling betWeen the reproducing layer 1 
and the recording layer 5. 
The recording layer 5, Which is a perpendicular magne 

tiZation ?lm made of a rare-earth metal and a transition 
metal, is provided With record bits for recording informa 
tion. In FIG. 1, the record bits are indicated by portions 
divided by broken lines in the recording layer 5. Moreover, 
in this Figure, a record bit Which is to be reproduced is 
indicated as record bit 16a, and these record bits located 
adjacent to record bit 16a are indicated as record bits 16b. 
Here, in the same manner as the magnetiZation of those 
record bits in the recording layer 93 shoWn in FIG. 2, the 
magnetiZation of the record bits of the recording layer 5 is 
alloWed to increase as the temperature rises. 
The ?rst shielding layer 4, Which has a predetermined 

critical temperature T4, is formed so as to be adjacent to the 
recording layer 5. Critical temperature T4 is a temperature 
that can be attained by application of a light beam. 

Here, the ?rst shielding layer 4 is alloWed to magnetically 
mask the magnetiZation of the recording layer 5 by those 
portions having temperatures less than critical temperature 
T4. In other Words, the ?rst shielding layer 4 magnetically 
masks the magnetiZation from portions having temperatures 
less than critical temperature T4 in the recording layer 5. In 
contrast, in a high temperature portion not less than critical 
temperature T4, the ?rst shielding layer 4 does not mask the 
magnetiZation of the recording layer 5 so as to alloW the 
leakage magnetic ?eld to pass from the recording layer 5 to 
the reproducing layer 1. That is, magnetic aperture 18 is 
formed at the high temperature portion in the ?rst shielding 
layer 4. 

Accordingly, as illustrated in FIG. 1, When upon 
reproduction, a light beam 17 is directed, a high-temperature 
portion 22, Which includes record bit 16a and has a tem 
perature not less than critical temperature T4, and loW 
temperature portions 21, Which include record bits 16b and 
has temperatures less than critical temperature T4, are 
formed in the present recording medium. Then, in the 
loW-temperature portions 21, the ?rst shielding layer 4 serve 
as a mask for record bits 16b, While in the high-temperature 
portion 22, aperture 18 is formed in the ?rst shielding layer 
4. With this arrangement, only the magnetiZation of record 
bit 16a Within the high-temperature portion 22 is copied on 
the reproducing layer 1 so that an enlarged magnetic domain 
13 corresponding to the magnetiZation of record bit 16a is 
formed in the reproducing layer 1. 
As described above, in the present recording medium, 

since the ?rst shielding layer 4 is provided, no leakage 
magnetic ?eld from record bits 16b adjacent to record bit 
16a gives adverse effects on the reproducing layer 1, even in 
the case When the reproducing operation is carried out by 
enlarging and reproducing the magnetiZation of record bit 
16a in the recording layer 5. Therefore, the present recording 
medium serves as a magneto-optical recording medium 
capable of a desired magnetic-domain enlarging reproduc 
tion. 
Any layer may be used as the ?rst shielding layer 4 as long 

as it magnetically masks the magnetiZation of the loW 
temperature portion 21 in the recording layer 5 that have 
temperatures less than critical temperature T4, While it does 
not mask the magnetiZation of the high-temperature portion 
22 in the recording layer 5 that has a temperature not less 
than critical temperature T4. For example, magnetic ?lms, 
Which have magnetic properties as shoWn in the folloWing 
items (1) through (3), may be adopted: 

(1) any magnetic layer that exhibits in-plane magnetiZa 
tion at temperatures less than critical temperature T4 
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and that has its magnetization disappeared or extremely 
minimized at temperatures not less than T4, 

(2) any magnetic layer that exhibits a magnetization state 
that is opposite to the magnetization state of the record 
ing layer 5 at temperatures less than critical tempera 
ture T4 and that has its magnetization disappeared or 
extremely minimized at temperatures not less than T4, 
and 

(3) any magnetic layer that exhibits in-plane magnetiza 
tion at temperatures less than critical temperature T4 
and that exhibits perpendicular magnetization at tem 
peratures not less than critical temperature T4. 

Additionally, When a magnetic ?lm having the magnetic 
properties of the above-mentioned (1) and (2) is used as the 
?rst shielding layer 4, it is preferable that the magnetization 
disappears in the high-temperature portion 22. For this 
reason, the Curie temperature of the ?rst shielding layer 4 is 
preferably set loWer than the Curie temperature of the 
recording layer 5. 

Moreover, in order to prevent the leakage magnetic ?eld 
from the recording layer 5 from giving adverse effects on the 
reproducing layer 1 at the loW-temperature portions 21, the 
magnetization of the ?rst shielding layer 4 is preferably set 
greater than the magnetization of the recording layer 5 at the 
loW-temperature portions 21 (including portions having 
room temperature). 

Here, it is preferable that the enlarged magnetic domain 
13, formed in the reproducing layer 1 during reproduction, 
is given as a large domain. This is because the greater the 
enlarged magnetic domain 13, the more the amount of the 
reproduced signal becomes and the less the noise becomes. 
Moreover, domain Walls formed in the reproducing layer 1 
need to be moved in accordance With the leakage magnetic 
?eld from the recording layer 5. Consequently, it is prefer 
able to set the coercive force of the reproducing layer 1 as 
small as possible. 

HoWever, it makes no sense to set the enlarged magnetic 
domain 13 larger than the spot diameter of the light beam 
from the point of vieW of signal reproduction. Moreover, it 
is preferable to erase the enlarged magnetic domain 13 
formed in the reproducing layer 13 after reproduction in 
order to achieve a smooth reproducing operation; hoWever, 
if the enlarged magnetic domain is too large, it becomes 
dif?cult to carry out the erasing operation desirably. 

Even in the case When an enlarged magnetic domain 13 
having a desired size is formed Within the spot diameter of 
the light beam, the magnetization of the border area 15 (see 
FIG. 1) adj acent to the enlarged magnetic domain 13 of the 
reproducing layer 1 becomes instable due to causes as 
shoWn in the folloWing items (1) through (3), resulting in 
noise in the reproducing signal. 

(1) The border area 15 is subjected to in?uences of the 
leakage magnetic ?eld from record bits 16b adjacent to 
record bit 16a to be reproduced. 

(2) The border area 15 is not located right above record bit 
16a. Therefore, in the border area 15, the direction of the 
leakage magnetic ?eld from record bit 16a is not perpen 
dicular to the ?lm surface. 

(3) The temperature distribution of the reproducing layer 
1 shoWs a distribution continuously decreasing from the 
center area of the light beam spot toWard the peripheral area 
having room temperature. Therefore, in the case When the 
reproducing layer 1 is a magnetic ?lm that exhibits in-plane 
magnetization at room temperature and comes to exhibit 
perpendicular magnetization as the temperature rises, the 
temperature of the border area 15 coincides With a transition 
temperature from the perpendicular magnetization state to 
the in-plane magnetization state. 
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For this reason, in the present recording medium, the 

second shielding layer 2 is placed adjacent to the reproduc 
ing layer 1 in order to prevent the magnetization of the 
border area 15 from becoming instable. 

The second shielding layer 2 has a predetermined critical 
temperature T2, and is formed so as to be adjacent to the 
reproducing layer 1. Here, the second shielding layer 2 
exhibits in-plane magnetization from room temperature to 
critical temperature T2, and has its magnetization disap 
peared or has its magnetization extremely minimized at 
temperatures not less than critical temperature T2. In other 
Words, critical temperature T2 is the Curie temperature of 
the second shielding layer 2, Which is attained by the 
irradiation With a light beam. 
The second shielding layer 2 is designed to magnetically 

mask one portion of the reproducing layer 1 by the portion 
having temperatures less than critical temperature T2 so that 
the leakage magnetic ?eld from the recording layer 5 does 
not give adverse affects on portions other than the enlarged 
magnetic domain 13 in the reproducing layer 1 (including 
the border area 15, hereinafter, referred to as unnecessary 
portions), that is, the potions that are not irradiated With the 
light beam. In other Words, the portions having temperatures 
less than critical temperature T2 in the second shielding 
layer 2 are exchange-coupled With the unnecessary portions 
in the reproducing layer 1 so as to alloW the unnecessary 
portions to exhibit in-plane magnetization. 

In contrast, the portion of the second shielding layer 2 
having temperatures not less than critical temperature T2 has 
its magnetization disappeared or has its magnetization 
extremely minimized; therefore, it does not prevent the 
leakage magnetic ?eld from reaching from the recording 
layer 5 to the reproducing layer 1. In other Words, magnetic 
aperture 19 (see FIG. 1) is formed at the portion of the 
second shielding layer 2 having temperatures not less than 
critical temperature T2. 

Accordingly, in the reproducing layer, the magnetization 
direction of the enlarged magnetic domain 13 and the 
magnetization direction of the unnecessary portions that are 
portions other than this magnetic domain shoW a drastic 
change from each other at the border area 15 because of the 
mask and aperture 19 of the second shielding layer 2. Thus, 
it becomes possible to positively enlarge and copy the 
magnetization of record bit 16a of the recording layer 5 to 
the reproducing layer 1, and also form the enlarged magnetic 
domain 13 With desired conditions. 

Here, the portions masked by the ?rst shielding layer 4 are 
portions other than record bit 16a in the recording layer 5, 
and preferably designed to positively shield the leakage 
magnetic ?eld from this portion. Therefore, aperture 18, 
formed on the ?rst shielding layer 4, is preferably set to a 
size not more than record bit 16a. 

In contrast, the portions masked by the second shielding 
layer 2 are portions other than the enlarged magnetic domain 
13 in the reproducing layer 1, and preferably designed so as 
not to prevent the formation of the enlarged magnetic 
domain 13. Therefore, aperture 19, Which is formed at 
portions having temperatures not less than critical tempera 
ture T2 of the second shielding layer 2, is preferably set to 
a size as large as the enlarged magnetic domain 13. 

Therefore, aperture 19 in the second shielding layer 2 is 
preferably set larger than aperture 18 in the second shielding 
layer 4. 

In this case, upon irradiation With a light beam during a 
reproducing operation, temperature distributions are formed 
on the second shielding layer 2 and the ?rst shielding layer 
4 almost in the same manner. Therefore, in order to differ 
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entiate the sizes of aperture 19 and aperture 18 from each 
other, critical temperature T4 is set higher than critical 
temperature T2, as shown in FIG. 1. 

Accordingly, for example, in the case of the use of a 
magnetic ?lm shoWn in the above-mentioned item (1) or (2) 
as the ?rst shielding layer 4, the Curie temperature of the 
?rst shielding layer 4 is set higher than the Curie temperature 
of the second shielding layer 2. 

Additionally, as described earlier, it is preferable to erase 
the enlarged magnetic domain 13 formed on the reproducing 
layer 1 after reproduction, in order to smoothly carry out the 
reproducing operation on the present recording medium. 
Therefore, it is preferable to provide the reproducing light 
beam as pulse light emission so that the magnetic domain is 
erased With the light beam being not emitted, While the 
temperature of the medium is raised With the light beam 
being emitted. With this arrangement, the signal reproduc 
tion is desirably carried out by copying record bit 16a of the 
recording layer 5 on the reproducing layer 1, thereby making 
it possible to provide higher-quality reproduced signals. 

Next, embodiments 1 through 3 of the present invention 
are discussed as folloWs: 

EMBODIMENT 1 

The folloWing description Will discuss the ?rst embodi 
ment of the present recording medium. FIG. 5 is an explana 
tory vieW that shoWs the construction of a magneto-optical 
disk (hereinafter, referred to as the present magneto-optical 
disk) that is the ?rst embodiment of the present recording 
medium. As illustrated in this Figure, the present magneto 
optical disk is constituted by a transparent dielectric layer 7, 
a reproducing layer 1, a second shielding layer 2, a non 
magnetic intermediate layer 3, a ?rst shielding layer 4, a 
recording layer 5, a protective layer 8 and an overcoat layer 
9 that are stacked on a substrate 6 in this order. 

In the present magneto-optical disk, the Curie temperature 
recording method is adopted as its recording method. In this 
method, a light beam, released from a semiconductor laser, 
is converged onto the reproducing layer 1 by an objective 
lens. Then, information is recorded and reproduced by a 
magneto-optical effect that is knoWn as the polar Kerr effect. 
The polar Kerr effect refers to a phenomenon in Which the 
direction of rotatory polariZation in re?ected light is 
reversed by magnetiZation that is perpendicular to the inci 
dent surface of a light beam. In other Words, the direction of 
rotatory polariZation in the light beam is changed by the 
direction of the magnetiZation. 

The substrate 6, Which is made of a transparent base 
material such as polycarbonate, is formed into a disk shape. 

The transparent dielectric layer 7 is preferably made from 
a material With a substantial refractive index, such as AlN, 
SiN, AlSiN and TiO2. Further, the ?lm thickness of the 
transparent dielectric layer 7 needs to be set so as to achieve 
a good interference effect With respect to an incident laser 
light beam and to increase the Kerr rotation angle on the 
medium. For this reason, supposing that the Wavelength of 
reproducing light is )L and that the refractive index of the 
transparent dielectric layer 7 is n, the ?lm thickness of the 
transparent dielectric layer 7 needs to be set to approxi 
mately )t/(4n). For example, in the case When the Wavelength 
of laser beam is 680 nm, the ?lm thickness of the transparent 
dielectric layer 7 is preferably set in the range of 40 nm to 
100 nm. 

The reproducing layer 1 is a magnetic layer made of a 
rare-earth transition-metal alloy. The composition of the 
reproducing layer 1 is designed so that it exhibits in-plane 
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10 
magnetiZation at room temperature and comes to exhibit 
perpendicular magnetiZation as the temperature rises. Since 
the reproducing layer 1 needs to have an effective repro 
ducing property, it is preferably set so as to have a Curie 
temperature higher than that of the recording layer 5 Which 
Will be described later. 

The non-magnetic intermediate layer 3 is made of a layer 
of a dielectric material such as AlN, SiN and AlSiN, or a 
layer of a non-magnetic metal alloy made of elements such 
as Al, Ti and Ta, or a stacked layer of the above-mentioned 
dielectric material and metal. The ?lm thickness of the 
non-magnetic intermediate layer 3 is set from not less than 
1 nm to not more than 40 nm so that the reproducing layer 
1 and the recording layer 5 are magnetostatically coupled in 
a preferable manner. 

Each of the second shielding layer 2 and the ?rst shielding 
layer 4 is a magnetic ?lm Which has a rare-earth transition 
metal alloy, a rare-earth or a transition metal as its main 
ingredient and Which exhibits in-plane magnetiZation at 
temperatures higher than room temperature. 
As described earlier, the ?rst shielding layer 4 is consti 

tuted by a magnetic ?lm Whose composition is designed so 
that it exhibits in-plane magnetiZation at loW-temperature 
portions beloW critical temperature T4, While it has its 
magnetiZation disappeared or extremely minimiZed at high 
temperature portions having temperatures not less than 
critical temperature T4. 

Thus, the loW-temperature portions mask the leakage 
magnetic ?eld generated from record bits of the recording 
layer 5, prevent the unnecessary magnetic ?eld from leaking 
to the reproducing layer 1, and also prevent the magnetiZa 
tion of the reproducing layer 1 from becoming instable. 
Moreover, the high-temperature portions alloW the leakage 
magnetic ?eld generated from the recording layer 5 to pass 
toWard the reproducing layer 1. 
The second shielding layer 2 is constituted by a magnetic 

?lm Whose composition is designed so that it exhibits 
in-plane magnetiZation at loW-temperature portions beloW 
critical temperature T2, While it has its magnetiZation dis 
appeared or extremely minimiZed at high-temperature por 
tions having temperatures not less than critical temperature 
T2. 

Thus, the loW-temperature portions prevent the unneces 
sary magnetic ?eld of the recording layer 5 from adversely 
affecting the reproducing layer 1 by masking the leakage 
magnetic ?eld generated from record bits of the recording 
layer 5. Further, the high-temperature portions alloW the 
leakage magnetic ?eld generated from the record bits of the 
recording layer 5 to pass toWard the reproducing layer 1. By 
using these loW-temperature portions and high-temperature 
portions, the second shielding layer 2 alloWs the magneti 
Zation of the reproducing layer 1 to be abruptly inverted at 
the border area betWeen the enlarged magnetic domain and 
the portions other than the magnetic domain formed in the 
reproducing layer 1. Here, the Curie temperature of the 
second shielding layer 2 is set loWer than the Curie tem 
perature of the ?rst shielding layer 4. 

The recording layer 5 is made of a perpendicular mag 
netiZation ?lm of a rare-earth transition-metal alloy. The ?lm 
thickness of the recording layer 4 is set in the range of 20 nm 
to 80 nm. 

The protective layer 8 is made of a dielectric material such 
as AlN, SiN, AlSiN and SiC, or a non-magnetic metal alloy 
made of elements such as Al, Ti and Ta. The protective layer 
8 is formed so as to protect the rare-earth transition-metal 
alloys used in the reproducing layer 1 and the recording 
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layer 4 from oxidation. The ?lm thickness of the protective 
layer 8 is set in the range of 5 nm to 60 nm. 

The overcoat layer 9 is formed by applying ultraviolet 
ray-setting resin or thermosetting resin through a spinner 
coating method and irradiating it With ultraviolet rays or 
applying heat to it. 
With respect to speci?c examples of the magneto-optical 

disk having the above-mentioned construction, its formation 
method (1) and recording and reproducing characteristics (2) 
are described separately as folloWs: 
(1) Formation Method 

The folloWing description Will discuss a formation 
method of the present magneto-optical disk With the above 
mentioned arrangement. The folloWing formation method is 
one example of formation methods of the present magneto 
optical disk. The present magneto-optical disk formed in this 
example is referred to as sample #1. 

In a sputtering device having anAl target, a GdFeCo alloy 
target, tWo kinds of GdFeAl alloy targets corresponding to 
the second shielding layer 2 and the ?rst shielding layer 4, 
and a GdDyFeCo alloy target, a polycarbonate substrate 6, 
Which has pregrooves and/or prepits and Which is formed 
into a disk shape, Was placed on a substrate holder. 

After the sputtering device had been evacuated to 1x10“6 
Torr, a mixed gas of argon and nitrogen Was introduced 
thereto, and electric poWer Was supplied to the Al target so 
that a transparent dielectric layer 7, made of AlN, Was 
formed on the substrate 6 With a ?lm thickness of 80 nm 
under a gas-pressure condition of 4x10“3 Torr. 

Next, after the sputtering device had been again evacuated 
to 1x10“6 Torr, argon gas Was introduced thereto, and 
electric poWer Was supplied to the GdFeCo alloy target 
under a gas pressure of 4x10‘3 Torr so that a reproducing 
layer 1, made of Gdo_3O(FeO_8OCo0_20)O_7O, Was formed on the 
transparent dielectric layer 7 With a ?lm thickness of 20 nm. 
The reproducing layer 1 had such a property that it exhibited 
in-plane magnetiZation at room temperature, and came to 
exhibit perpendicular magnetiZation at 120° C. Further, the 
compensation temperature of the reproducing layer 1 Was 
300° C, and the Curie temperature thereof Was 320° C. 

Next, electric poWer Was supplied to the ?rst GdFeAl 
alloy target under a gas pressure of 4x10‘3 Torr so that a 
second shielding layer 2, made of (Gdo_11FeO_89)O_5AlO_5 Was 
formed on the reproducing layer 1 With a ?lm thickness of 
10 nm. The second shielding layer 2 had a Curie temperature 
of 95° C., and exhibited magnetiZation in a direction parallel 
to the ?lm surface from room temperature to the Curie 
temperature. 

Successively, a mixed gas of argon and nitrogen Was 
introduced thereto, and electric poWer Was supplied to the Al 
target so that a non-magnetic intermediate layer 3, made of 
AlN, Was formed on the second shielding layer 2 With a ?lm 
thickness of 20 nm under a gas-pressure condition of 4x10“3 
Torr. 

Next, electric poWer Was supplied to the second GdFeAl 
alloy target under a gas pressure of 4x10‘3 Torr so that a ?rst 
shielding layer 4, made of (GdonFeO_89)O_75AlO_25 Was 
formed on the non-magnetic intermediate layer 3 With a ?lm 
thickness of 20 nm. The ?rst shielding layer 4 had a Curie 
temperature of 120° C. Which is higher than that of the 
second shielding layer 2, and exhibited magnetiZation in a 
direction parallel to the ?lm surface from room temperature 
to the Curie temperature. 

Next, after the sputtering device had been again evacuated 
to 1x10“6 Torr, argon gas Was introduced thereto, and 
electric poWer Was supplied to the GdDyFeCo alloy target 
under a gas pressure of 4x10“3 Torr so that a recording layer 
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12 
5> made of (GdO.05Dy0.5O)0.23(FeO.8OCOO.20)O.77> Was formed 
on the ?rst shielding layer 4 With a ?lm thickness of 40 nm. 
The recording layer 5 had its compensation temperature at 
25° C. and its Curie temperature at 275° C. 

Successively, a mixed gas of argon and nitrogen Was 
introduced thereto, and electric poWer Was supplied to the Al 
target so that a protective layer 8, made of AlN, Was formed 
on the recording layer 5 With a ?lm thickness of 20 nm under 
a gas-pressure condition of 4x10‘3 Torr. 

Next, ultraviolet-ray setting resin Was applied to the 
protective layer 8 by a spinner coating method, and an 
overcoat layer 9 Was formed by irradiation With ultraviolet 
rays. 

Thus, sample #1 of the present magneto-optical disk Was 
formed. 
(2) Recording and Reproducing Characteristics 
The results of measurements carried out on the recording 

and reproducing characteristics of the present magneto 
optical disk are shoWn as Examples 1 through 3 as folloWs: 

EXAMPLE 1 

FIG. 6 is a graph shoWing the results of measurements 
carried out on the mark-length dependence of CNR (carrier 
to-noise ratio) With respect to sample #1 that Was fabricated 
by the formation method of the above-mentioned These 
measurements Were carried out by using an optical pickup 
having a semiconductor laser With a Wavelength of 680 nm. 

Moreover, for comparative purposes, this Figure also 
shoWs the results of measurements carried out With respect 
to sample #2 and comparative sample #1. Here, sample #2 
Was a magneto-optical disk in Which the second shielding 
layer 2 Was excluded from the construction of sample #1. 
Comparative sample #1 Was a magneto-optical disk in Which 
the second shielding layer 2 and the ?rst shielding layer 4 
Were excluded from the construction of sample #1. 

In this case, the mark-length dependence of CNR, shoWn 
in this ?gure, is de?ned as folloWs: Record bits, each having 
a length corresponding to a mark length, are continuously 
formed With recording-magnetic-domain pitches each of 
Which is double the mark length, and the relationship 
betWeen the CNR and the mark length is found When the 
record bits are reproduced. 
As shoWn in this Figure, in the case of a mark length of 

0.3 pm, the CNR of comparative sample #1 is 34.0 dB, While 
the CNR of sample #1 is 41 dB, making the CNR of sample 
#1 greater by 7 dB. 

This is because in sample #1, record bits not related to the 
reproducing operation in the recording layer 5 Were masked 
by the ?rst shielding layer 4 so that the reproducing reso 
lution Was improved and because unnecessary leakage mag 
netic ?elds toWard the reproducing layer 1 Were masked by 
the second shielding layer 2 of sample #1 so that the 
direction of magnetiZation had a drastic change at the border 
area 15 adjacent to the enlarged magnetic domain 13 shoWn 
in FIG. 1. 

Moreover, samples Were formed by excluding the second 
shielding layer 2 from the construction of the present 
magnetic-optical disk and varying the ?lm thickness of the 
?rst shielding layer 4, and in the case of a mark length of 0.3 
pm, CNRs Were measured; Table 1 shoWs the results of the 
measurements. In Table 1, the result With 0 nm of the second 
shielding layer 2 and the ?rst shielding layer 4 shoWs the 
result of comparative sample #1 With no shielding layers 2 
and 4 formed thereon. Further, the result With 0 nm of the 
second shielding layer 2 and 20 nm of the ?rst shielding 
layer 4 shoWs the result of sample #2. 
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TABLE 1 

Thickness of Thickness of Thickness of 
Reproducing 2nd Shielding lst Shielding 
Layer (nm) Layer (nm) Layer (nm) CNR (dB) 

20 0 0 34.0 
20 0 2 35.0 
20 0 5 37.5 
20 0 10 38.5 
20 0 20 39.5 
20 0 30 39.5 
20 0 40 35.5 
20 0 60 33.5 

As shown in this Table, in the construction of the present 
magneto-optical disk having no second shielding layer 2, 
even in a construction having a very thin ?rst shielding layer 
4 of 2 nm, the CNR is greater by 1 dB than that of 
comparative sample #1 having no ?rst shielding layer 4 by 
the effect of the magnetic mask (hereinafter, referred to as 
the in-plane magnetization mask) exerted by the in-plane 
magnetization portions in the ?rst shielding layer 4. 

Further, as shown in this Table, as the ?lm thickness of the 
?rst shielding layer 4 increases, the CNR also increases. This 
increase results from the fact that as the thickness of the ?rst 
shielding layer 4 increases, the in-plane magnetization mask 
of the ?rst shielding layer 4 is strengthened. 

However, when the thickness of the ?rst shielding layer 4 
exceeds 30 nm, the CNR reduces. This reduction is suppos 
edly due to the facts that the recording layer and the 
reproducing layer are separated too far from each other, and 
that the in-plane magnetization mask of the ?rst shielding 
layer 4 has been strengthened too much to form the magnetic 
aperture in the ?rst shielding layer 4, thereby failing to form 
a preferable enlarged magnetic domain in the reproducing 
layer 1. 

Table 1 shows that in order to obtain a CNR higher than 
that of comparative sample #1, the ?lm thickness of the ?rst 
shielding layer 4 is preferably set from not less than 2 nm to 
not more than 40 nm. Moreover, the ?lm thickness of the 
?rst shielding layer 4 in sample #1 and sample #2 is set to 
20 nm, which is a value for providing the highest CNR as 
shown in Table 1. 

Next, samples were formed by varying the ?lm thickness 
of the second shielding layer 2 in the construction of sample 
#1, and in the case of a mark length of 0.3 pm, CNRs were 
measured; Table 2 shows the results of the measurements. 
Here, the result with 0 nm of the second shielding layer 2 
and 20 nm of the ?rst shielding layer 4 shows result of 
sample #2. Further, the result with 10 nm of the second 
shielding layer 2 and 20 nm of the ?rst shielding layer 4 
shows result of sample #1. 

TABLE 2 

Thickness of Thickness of Thickness of 
Reproducing 2nd Shielding lst Shielding 
Layer (nm) Layer (nm) Layer (nm) CNR (dB) 

20 0 20 39.5 
20 2 20 40.5 
20 5 20 41.0 
20 10 20 41.0 
20 20 20 40.0 
20 40 20 35.0 

As shown in this Table, in the construction of sample #1, 
even in a sample having a very thin second shielding layer 
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2 of 2 nm, the CNR is greater by 1 dB than that of sample 
#2 by the effect of the in-plane magnetization mask exerted 
by the second shielding layer 2. 

Further, as shown in this Table, as the ?lm thickness of the 
second shielding layer 2 increases, the CNR also increases. 
This increase results from the fact that as the thickness of the 
second shielding layer 2 increases, the in-plane magnetiza 
tion mask of the second shielding layer 2 is strengthened. 

However, when the thickness of the second shielding 
layer 2 exceeds 10 nm, the CNR reduces. This reduction is 
supposedly due to the facts that the recording layer and the 
reproducing layer are separated too far from each other, and 
that the in-plane magnetization mask of the second shielding 
layer 2 has been strengthened too much to form the magnetic 
aperture in the second shielding layer 2, thereby failing to 
form a preferable enlarged magnetic domain in the repro 
ducing layer 1. 

Table 2 shows that in order to obtain a CNR higher than 
that of comparative sample #1, the ?lm thickness of the 
second shielding layer 2 is preferably set to not more than 40 
nm. Moreover, the ?lm thickness of the second shielding 
layer 2 in sample #1 is set at 10 nm, which is a value for 
providing the highest CNR as shown in Table 2. 

Next, samples were formed by varying the ?lm thickness 
of the producing layer 1 in the construction of sample #1, 
and in the case of a mark length of 0.3 pm, CNRs were 
measured; Table 3 shows the results of the measurements. 

TABLE 3 

Thickness of Thickness of Thickness of 
Reproducing 2nd Shielding lst Shielding 
Layer (nm) Layer (nm) Layer (nm) CNR (dB) 

8 10 20 33.0 
10 10 20 34.5 
15 10 20 38.5 
20 10 20 41.0 
30 10 20 40.5 
40 10 20 38.5 
60 10 20 36.5 
80 10 20 34.5 

120 10 20 33.5 

As shown in this Table, in the case of the reproducing 
layer 1 having a ?lm thickness of 8 nm, the CNR becomes 
smaller than that of comparative sample #1 since merely a 
small reproduced signal is obtained. Moreover, in the case of 
the reproducing layer 1 having a ?lm thickness of 120 nm, 
the domain wall energy, generated by the reproducing layer 
1, increases, making it impossible to provide a complete 
perpendicular magnetization state at the portions having a 
temperature rise (or failing to form a preferable enlarged 
magnetic domain); therefore, the CNR becomes smaller than 
that of comparative sample #1. 

Table 3 shows that in order to obtain a CNR higher than 
that of comparative sample #1, the ?lm thickness of the 
reproducing layer 1 is set in the range of 10 to 80 nm. 

Next, in the construction of sample #1, samples were 
formed by varying the ?lm thickness of the non-magnetic 
intermediate layer 3, and in the case of a mark length of 0.3 
pm CNRs were measured, and the magnetic ?eld required 
for an erasing operation (the erasing magnetic ?eld) was also 
measured; Table 4 shows the results of the measurements. 
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value of X (composition ratio) in the composition of the ?rst 
TABLE 4 shielding layer 4 represented by (GdO_11Fe0_98)xAl1_x, and in 

the case of a mark length of 0.3 pm, the CNR Was measured; 
Film ThiFkneSS Of Non- _ _ Table 5 shoWs the results of the measurements. Further, this 

Magnitgelrnzrmngedmte CNR (dB) Ergsigllg gf?iinc 5 Table also shoWs critical temperature T4 (Curie 
temperature) of each of the compositions of the ?rst sh1eld 

0-5 25-0 35 ing layer 4. Here, these CNR measurements Were carried out 
i :33 3; by using an optical pickup having a semiconductor laser 

10 41:0 26 With a Wavelength of 680 nm. Further, the ?lm thickness of 
20 41_0 24 10 each ?rst shielding layer 4 is 20 nm. Moreover, the result of 
30 39-0 21 measurement at X=0.75 in this Table shoWs the result of 
40 38's 19 measurement on sample #2. 
60 36.5 16 
80 36.0 14 

100 29.5 12 TABLE 5 

15 X(Composition Ratio) T4(O C.) CNR(dB) 
As shoWn in Table 4, in the case of the non-magnetic 025 35 340 

intermediate layer 3 having a ?lm thickness of 0.5 nm, the 0:30 60 35' 5 
CNR extremely reduces. This is supposedly due to the fact 050 90 37_@ 
that the ?lm thickness of the non-magnetic intermediate 20 0-75 120 39-5 

1.00 220 37.5 layer 3 is too thin to provide a preferable magnetostatical 
coupling state betWeen the reproducing layer 1 and the 
recording layer 5. 

Moreover, as shoWn in this Table, in the case of the 
sample With the non-magnetic intermediate layer 3 having a 
?lm thickness of 1 nm, the CNR becomes the greatest. 
Furthermore, as the ?lm thickness of the non-magnetic 
intermediate layer 3 increases beyond 1 nm, the CNR 
decreases. This is supposedly due to the fact that as the 
non-magnetic intermediate layer 3 becomes thicker, the 
magnetostatical coupling force exerted betWeen the repro 
ducing layer 1 and the recording layer 5 becomes Weaker. 

Table 4 shoWs that in order to obtain a CNR higher than 
that of comparative sample #1, the ?lm thickness of the 
non-magnetic intermediate layer 3 is set in the range of 1 to 
80 nm. 

Furthermore, Table 4 also shoWs that the erasing magnetic 
?eld can be minimiZed by making the ?lm thickness of the 
non-magnetic intermediate layer 3 thicker so as to minimiZe 
the magnetostatical coupling force betWeen the reproducing 
layer 1 and the recording layer 5. The range of a practical 
use erasing magnetic ?eld is not more than 31 kA/m. 
Therefore, in order to maintain the erasing magnetic ?eld at 
not more than 31 kA/m, it is preferable to set the ?lm 
thickness of the non-magnetic intermediate layer 3 at not 
less than 4 nm. 

EXAMPLE 2 

In Example 1, the results of measurements Were shoWn 
With respect to cases in Which (Gdo_11EeO_89)O_5AlO_5 Whose 
Curie temperature Was 120° C. Was used as the ?rst shield 
ing layer 4 in sample #1 and sample #2 or as the second 
shielding layer 2 in sample #1. 

In the present Example, an explanation Will be given of 
cases in Which other compositions are used as the second 
shielding layer 2 or the ?rst shielding layer 4. In particular, 
in the present Example, the Al contents of the second 
shielding layer 2 and the ?rst shielding layer 4, Which 
greatly contribute to the masking of the magnetostatical 
coupling magnetic ?eld (leakage magnetic ?eld) generated 
from the ?ne record bits of the recording layer 5, Were 
varied; thus, recording and reproducing characteristics Were 
measured on the respective cases, and an explanation is 
given of the results. 

In the construction of sample #1, samples Were formed by 
excluding the second shielding layer 2 and changing the 
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Table 5 shoWs that in order to obtain a CNR higher than 
the CNR (34.0 dB, see Table 1) of comparative sample #1 
having neither the second shielding layer 2 nor the ?rst 
shielding layer 4, X is preferably set in the range of 
0.30§X§1.00. 
As described earlier, the reproducing layer 1 of sample #1 

comes to exhibit in-plane magnetiZation at a temperature of 
120° C. Therefore, since the ?rst shielding layer 4 only 
needs to mask the recording layer 5 With the in-plane 
magnetiZation at temperatures not more than 120° C., the 
optimal value of the Curie temperature (critical temperature 
T4) of the ?rst shielding layer 4 is 120° C. 

HoWever, as shoWn in Table 5, in the case When critical 
temperature T4 of the ?rst shielding layer 4 is in the range 
from not less than 60° C. to not more than 220° C., the CNR 
of sample #1 is higher than that of comparative sample #1. 
This shoWs that the ?rst shielding layer 4 is alloWed to form 
a desired in-plane magnetiZation mask in the case When 
critical temperature T4 of the ?rst shielding layer 4 in 
sample #1 is in the range from not less than 60° C. to not 
more than 220° C. 

In the construction of sample #1, samples Were formed by 
changing the value of X (composition ratio) in the compo 
sition of the second shielding layer 2 represented by 
(GdO_11Fe0.89)xAl1_x, and in the case of a mark length of 0.3 
pm, the CNR Was measured; Table 6 shoWs the results of the 
measurements. Further, this Table also shoWs critical tem 
perature T2 (Curie Temperature) of each of the compositions 
of the second shielding layer 2. Further, the ?lm thickness of 
each second shielding layer 2 is 20 nm. Moreover, the result 
of measurement at X=0.50 in this Table shoWs the result of 
measurement on sample #1. 

TABLE 6 

X(Composition Ratio) T2(O C.) CNR(dB) 

0.25 35 39.5 
0.30 60 40.5 
0.50 90 41.0 
0.75 120 39.0 
1.00 220 38.0 

Table 6 shoWs that in order to obtain a CNR higher than 
the CNR (39.5 dB, see Table 5) of sample #2 having no 
second shielding layer 2, X is preferably set in the range of 
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0.30§X§0.50. Further, it is con?rmed that the range of X 
Which provides a CNR higher than the CNR (34.0 dB) of 
comparative sample #1 that has neither the second shielding 
layer 2 nor the ?rst shielding layer 4 is represented by 
0.25 éXé 1.00. 

Further, as shoWn in Table 6, in the case When critical 
temperature T2 of the second shielding layer 2 is in the range 
from not less than 35° C. to not more than 220° C., it is 
possible to obtain a CNR higher than that of comparative 
sample #1. This shoWs that the second shielding layer 2 is 
alloWed to form a desired in-plane magnetiZation mask in 
the case When critical temperature T2 of the ?rst shielding 
layer 4 is in the range from not less than 35° C. to not more 
than 220° C. 

Moreover, as described above, the reproducing layer 1 
comes to exhibit in-plane magnetiZation at 120° C. Here, 
With respect to the magnetic domain formed in the repro 
ducing layer 1, it is advantageous from the standpoint of 
signal characteristics to enlarge it so as to have a siZe larger 
than record bit 16a in the recording layer 5 as in the case of 
the enlarged magnetic domain 13 shoWn in FIG. 1. For this 
reason, it is not preferable to alloW the second shielding 
layer 2 to mask the enlarged magnetic domain 13 in the 
reproducing layer 1 With the in-plane magnetiZation. 
Therefore, critical temperature T2 of the second shielding 
layer 2 is preferably set loWer than the Curie temperature of 
the reproducing layer 1, and more preferably set in the range 
from not less than 60° C. to not more than 95° C. 

Additionally, in Examples 1 and 2, GdFeAl Was used as 
the second shielding layer 2 and the ?rst shielding layer 4, 
and the results of the measurements Were shoWn. HoWever, 
the material of the second shielding layer 2 and the ?rst 
shielding layer 1 is not limited to this material. That is, any 
material is used as the second shielding layer 2 and the ?rst 
shielding layer 4, as long as it has the Curie temperature 
Within the range of 60° C. to 220° C. and comes to exhibit 
in-plane magnetiZation beloW the Curie temperature. For 
example, besides GdFeAl, materials, such as NdFe, NdFeAl, 
DyFe and DyFeAl, can be used as the material of the second 
shielding layer 2 and the ?rst shielding layer 4. 

EXAMPLE 3 

In Examples 1 and 2, the results of measurements Were 
shoWn With respect to cases in Which GdFeAl Was used as 
the ?rst shielding layer 4 in sample #1 and sample #2. In the 
present Example, an explanation Will be given of cases in 
Which other materials are used as the ?rst shielding layer 4. 

In the construction of sample #1, (GdO_MFeO_89)O_75ZO_25 
Was used as the material of the ?rst shielding layer 4 and 
samples Were formed by changing the ingredient corre 
sponding to Z. In the case of a mark length of 0.3 pm, the 
CNR Was measured on these samples; Table 7 shoWs the 
results of the measurements. Table 7 also shoWs critical 
temperature T4 in each of the materials of the ?rst shielding 
layer 4. 

Here, materials, such as Ti, Ta, Pt, Au, Cu, AlO_5TiO_5 and 
Al0_5TaO_5, Were used as the ingredient Z. Further, the CNR 
of comparative sample #1 is shoWn in the uppermost roW 
and the CNR of sample #1 (in Which Z is Al) is shoWn in the 
second roW from the top respectively for comparative pur 
poses. These CNR measurements Were carried out by using 
an optical pickup having a semiconductor laser With a 
Wavelength of 680 nm. Further, the ?lm thickness of each 
?rst shielding layer 4 is 20 nm. 
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TABLE 7 

Z T4(° c.) CNR (dB) 

A1 120 41.0 
Ti 115 41.5 
Ta 110 40.5 
pt 125 41.0 
Au 120 41.0 
Cu 110 40.0 

AlU_5TiD_5 125 41.0 
Al0_5TaD_5 125 40.5 

Table 7 shoWs that the CNR is higher than that of 
comparative sample #1 in all the samples in Which Ti, Ta, Pt, 
Au, Cu, AlO_5TiO_5 and AlO_5TaO_5 are used as Z. Further, the 
Curie temperature (critical temperature T4) of all the mate 
rials for the ?rst shielding layer 4 is maintained Within the 
range of 60° C. to 220° C., Which is a desired range for the 
Curie temperature of the ?rst shielding layer 4 (see Example 
2). 

In addition, materials, such as NdFeTi, NdFeTa, DyFeTi 
and DyFeTa, may be used as the material of the ?rst 
shielding layer 4. 

EMBODIMENT 2 

The folloWing description Will discuss the second 
embodiment of the present recording medium. Here, in the 
present embodiment, those members that have the same 
functions and that are described in embodiment 1 are 
indicated by the same reference numerals and the descrip 
tion thereof is omitted. 

FIG. 7 is an explanatory draWing that shoWs the construc 
tion of a magneto-optical disk (hereinafter, referred to as the 
present magneto-optical disk) Which is the second embodi 
ment of the present recording medium. As illustrated in this 
Figure, the present magneto-optical disk has a construction 
in Which a re?ection layer 10 is interpolated betWeen the 
non-magnetic intermediate layer 3 and the ?rst shielding 
layer 4 in the construction of the magneto-optical disk 
shoWn in FIG. 5. 

In the magneto-optical disk as shoWn in FIG. 5, for 
example, When the ?lm thickness of the ?rst shielding layer 
4 is set smaller than 10 nm, a light beam 9, Which has passed 
through the reproducing layer 1 and the non-magnetic 
intermediate layer 3, is re?ected by the recording layer 5. 
Since the light re?ected by the recording layer 5 mixes With 
the re?ected light that is to be received by the optical pickup, 
the reproduced signal is subjected to intervention of unnec 
essary information, resulting in degradation in the quality of 
the reproduced signal. 

In order to solve this problem, the present magneto 
optical disk is provided With the re?ection layer 10 betWeen 
the non-magnetic intermediate layer 3 and the ?rst shielding 
layer 4. With this arrangement, the light beam that has 
passed through the reproducing layer 1 is re?ected by the 
re?ection layer 10, and is not alloWed to reach the recording 
layer 5. Therefore, no re?ected light from the recording layer 
5 is alloWed to enter the optical pick up so that it becomes 
possible to prevent degradation in the quality of the repro 
duced signal. 

For example, Al is used as the re?ection layer 10. Further, 
the ?lm thickness of the re?ection layer 10 is preferably set 
in the range of 2 to 80 nm. 

With respect to speci?c examples of the magneto-optical 
disk of the present embodiment, their formation method (1) 
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and recording and reproducing characteristics (2) are 
described separately as follows: 
(1) Formation Method 

The following description Will discuss a formation 
method of the present magneto-optical disk With the above 
mentioned arrangement. The folloWing formation method is 
one example of formation methods of the present magneto 
optical disk. The present magneto-optical disk formed in this 
example is referred to as sample #11. 

In the formation method of sample #11, a re?ection layer 
10 made of Al is formed betWeen the non-magnetic inter 
mediate layer 3 and the ?rst shielding layer 4 in the similar 
formation method of sample #1 shoWn in Embodiment 1, 
Wherein the ?lm thickness of the reproducing layer 1 is set 
at 15 nm, the ?lm thickness of the second shielding layer is 
set at 5 nm, and the ?lm thickness of the ?rst shielding layer 
4 is set at 10 nm. 

In other Words, in sample #11, the compositions and 
formation methods of the substrate 6, the transparent dielec 
tric layer 7, the non-magnetic intermediate layer 3, the 
recording layer 5, the protective layer 8 and the overcoat 
layer 9 are the same as those of sample #1. Further, the 
formation methods of the reproducing layer 1, the second 
shielding layer 2 and the ?rst shielding layer 4 of sample #11 
are the same as those of sample #1 except for their ?lm 
thicknesses. 

After the non-magnetic intermediate layer 3 has been 
formed, the re?ection layer 10 is stacked on the non 
magnetic intermediate layer 3. In other Words, after the 
formation of the non-magnetic intermediate layer 3, the 
sputtering device Was evacuated to 1x10“6 Torr, argon gas 
Was introduced thereto, and electric poWer Was supplied to 
the Al target so that a re?ection layer 10 in sample #11, made 
of Al, Was formed on the non-magnetic intermediate layer 
With a ?lm thickness of 20 nm under a gas-pressure condi 
tion of 4x10“3 Torr. 
(2) Recording and Reproducing Characteristics 

The results of measurements carried out on the recording 
reproducing characteristics of the present magneto-optical 
disk are shoWn as Examples 4 through 6 as folloWs: 

EXAMPLE 4 

Samples Were formed by varying the ?lm thickness of the 
re?ection layer 10 in the construction of sample #11, and in 
the case of a mark length of 0.3 pm, CNRs Were measured; 
Table 8 shoWs the results of the measurements. Here, the 
measurements Were carried out by using an optical semi 
conductor laser With a Wavelength of 680 nm. Further, 
comparative sample #3 Which had no re?ection layer 10 in 
the construction of sample #11 Was prepared for compara 
tives purposes, and the result of measurements carried out on 
this sample is shoWn in the uppermost roW in Table 8. 

TABLE 8 

Film Thickness of 
Re?ection Layer(nm) CNR (dB) 

0 38.5 
2 39.5 
5 40.0 

10 41.0 
20 42.0 
30 41.0 
40 38.0 
50 34.0 

As shoWn in this Table, even in the sample having a very 
thin re?ection layer 10 of 2 nm, the CNR is greater by ldB 
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than that of comparative sample #3 by the effect of the 
information-reproduction shielding (re?ected light 
shielding) effect from the recording layer 5. 
As the ?lm thickness of the re?ection layer 10 increases, 

the CNR gradually increases and has a maximum at the ?lm 
thickness of 20 nm. This is because the effect of the 
information-reproduction shielding from the recording layer 
5 becomes greater as the ?lm thickness of the re?ection layer 
10 increases. 

Moreover, in the samples having the ?lm thickness not 
less than 30 nm, the CNR decreases. This is due to the fact 
that as the distance betWeen the recording layer 5 and the 
reproducing layer 1 increases, the magnetostatic coupling 
force, exerted betWeen them, becomes Weaker. 

Here, FIG. 8 shoWs that in order to obtain a CNR higher 
than that of comparative sample #3, the ?lm thickness of the 
re?ection layer 10 is preferably set from not less than 2 nm 
to not more than 30 nm. Further, in order to obtain a CNR 
higher than the CNR (34.0 dB) of comparative sample #1 
shoWn in embodiment 1 and other embodiments, the range 
of the ?lm thickness of the re?ection layer 10 is preferably 
set at not more than 40 nm. 

EXAMPLE 5 

In the present example, an explanation Will be given of 
cases in Which materials different from Al Were used as the 
re?ection layer 10 of the sample #11. 

In Example 4, the explanation Was given of the repro 
ducing characteristics of the present magneto-optical disk 
having a construction in Which Al Was used as the re?ection 
layer 10. In the present example, in order to improve the 
recording characteristics of the present magneto-optical 
disk, alloys of Al and metals other than Al Were used as the 
re?ection layer 10, and the results of measurements on the 
CNR Will be described. 

In the construction of sample #11, samples Were formed 
by changing the value of X (composition ratio) in the 
composition of the re?ection layer 10 de?ned by Al1_xFex, 
and the CNR Was measured With a mark length of 0.3 pm 
and the erasing magnetic ?eld Was measured; Table 9 shoWs 
the results of the measurements. 

Here, these CNR measurements Were carried out by using 
an optical pickup having a semiconductor laser With a 
Wavelength of 680 nm. Further, the ?lm thickness of the 
re?ection layer 10 in each of the samples Was 20 nm. 

TABLE 9 

Erasing Magnetic 
X (Compo. Ratio) CNR (dB) Field (kA/m) 

0.00 42.0 50 
0.02 42.0 17 
0.05 42.0 16 
0.10 42.0 17 
0.25 41.0 18 
0.50 39.5 30 
0.60 39.5 58 

Table 9 shoWs that as the content of Fe increases With X 
becoming greater than 0.10, the CNR gradually decreases. 
HoWever, in any of the measurements, CNRs that are greater 
than the CNR of comparative sample #3 shoWn in Table 8 
are obtained, Which indicates the effect of formation of the 
re?ection layer 10. 

Moreover, as shoWn in Table 9, in the case of the 
re?ection layer 10 made of pure A1, a great erasing magnetic 
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?eld of 50 kA/m is required. However, by setting X from not 
less than 0.02 to not more than 0.50, the erasing magnetic 
?eld can be set at a practical range of not more than 31 

kA/m. 
Next, in the construction of sample #11, samples Were 

formed by changing the value of X (composition ratio) in the 
composition of the re?ection layer 10 de?ned by Al1_xNix, 
and the CNR Was measured With a mark length of 0.3 pm, 
and the erasing magnetic ?eld Was measured; Table 10 
shoWs the results of the measurements. Here, these CNR 
measurements Were carried out by using an optical pickup 
having a semiconductor laser With a Wavelength of 680 nm. 
Further, the ?lm thickness of the re?ection layer 10 in each 
of the samples Was 20 nm. 

Table 10 

Erasing Magnetic 
X (Compo. Ratio) CNR (dB) Field (kA/m) 

0.00 42.0 50 
0.02 42.5 15 
0.05 41.0 16 
0.10 40.5 18 
0.25 40.0 18 
0.50 39.5 28 
0.60 39.5 62 

Table 10 shoWs that as in the case of the re?ection layer 
10 containing Fe, by setting X in the range from not less than 
0.02 to not more than 0.50, the erasing magnetic ?eld can be 
set at a practical range of not more than 31 kA/m. 

Besides Fe and Ni, magnetic metals, such as Co, Gd, Tb, 
Dy and Nd, can be contained in Al in the same manner so 
as to reduce the erasing magnetic ?eld. 

EXAMPLE 6 

In the present example, an explanation Will be given of 
cases in Which other different materials Were used as the 
re?ection layer 10 of the present magneto-optical disk. 

In Example 5, the results of measurements carried out on 
the re?ection layer 10 in Which magnetic metal elements 
Were contained inAl Were shoWn. In the present example, an 
explanation Will be given of the improvements of the 
recording characteristics of the present magneto-optical 
disk, in the case When materials made of Al containing 
non-magnetic metal elements Were used as the re?ection 
layer 10. 

In the construction of sample #11, samples Were formed 
by changing the value of X (composition ratio) in the 
composition of the re?ection layer 10 de?ned by Al1_xTix, 
and the CNR Was measured With a mark length of 0.3 pm 
and the erasing magnetic ?eld Was measured; Table 11 
shoWs the results of the measurements. Here, these CNR 
measurements Were carried out by using an optical pickup 
having a semiconductor laser With a Wavelength of 680 nm. 
Further, the ?lm thickness of the re?ection layer 10 in each 
of the samples Was 20 nm. 

TABLE 11 

Erasing Magnetic 
X (Compo. Ratio) CNR (dB) Field (kA/m) 

0.00 41.5 50 
0.02 41.5 15 
0.05 41.0 16 
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TABLE 11-continued 

Erasing Magnetic 
X (Compo. Ratio) CNR (dB) Field (kA/m) 

0.10 41.0 18 
0.25 41.5 17 
0.50 41.0 15 
0.75 40.5 17 
0.90 40.0 16 
0.95 39.5 17 
0.98 39.5 15 
1.00 38.5 48 

Table 11 shoWs that as the content of Ti increases With X 
becoming greater than 0.10, the CNR gradually decreases. 
HoWever, in any of the measurements, CNRs that are greater 
than the CNR of comparative sample #3 shoWn in Table 8 
are obtained, Which indicates the effect of formation of the 
re?ection layer 10. 

Moreover, in the case of the re?ection layer 10 made of 
pure A1, a great erasing magnetic ?eld of 50 kA/m is 
required. HoWever, by setting X in the range from not less 
than 0.02 to not more than 0.98, the erasing magnetic ?eld 
can be set at a practical range of not more than 31 kA/m. 

Next, Table 12 indicates the reducing effect on the erasing 
magnetic ?eld in the case When non-magnetic elements 
other than Ti Were contained in Al so as to form the re?ection 
layer 10. In other Words, in the construction of sample #11, 
samples Were formed by changing Z in the material of the 
re?ection layer 10 represented by AlO_5Z0_5, and the CNR 
Was measured With a mark length of 0.3 pm and the erasing 
magnetic ?eld Was measured; Table 12 shoWs the results of 
the measurements. Here, non-magnetic metals other than Ti, 
such as Ta, Pt, Au, Cu and Si, Were used as Z. Further, the 
CNR measurements Were carried out by using an optical 
pickup having a semiconductor laser With a Wavelength of 
680 nm. Moreover, the ?lm thickness of the re?ection layer 
10 in each of the samples Was 20 nm. 

TABLE 11 

Erasing Magnetic 
Z CNR (dB) Field (kA/m) 

Ta 39.5 15 
Pt 41.5 16 
Au 41.5 15 
Cu 40.5 17 
Si 40.5 16 

Table 12 shoWs that in all the cases in Which Ta, Pt, Au, 
Cu and Si are used as Z, the CNR greater than that of 
comparative sample #3 is obtained, Which indicates the 
effect of the formation of the re?ection layer 10. Moreover, 
it is found that in the same manner as the case of Al 
containing Ti, the erasing magnetic ?eld reduces in all the 
samples. 

EMBODIMENT 3 

The folloWing description Will discuss the third embodi 
ment of the present recording medium. Here, in the present 
embodiment, those members that have the same functions 
and that are described in embodiments 1 and 2 are indicated 
by the same reference numerals and the description thereof 
is omitted. 

A magneto-optical disk (hereinafter, referred to as the 
present magneto-optical disk), Which is the third embodi 
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ment of the present recording medium, has a construction in 
Which, in the construction of the magneto-optical disk 
shoWn in FIG. 5, a magnetic ?lm, Which exhibits in-plane 
magnetization at room temperature and comes to exhibit 
perpendicular magnetiZation at temperatures not less than 
critical temperature T4, is provided as the ?rst shielding 
layer 4. 

Samples of the present magneto-optical disk Were formed 
as sample #21, and an explanation Will be given on the 
results of the measurements carried out on their recording 
and reproducing characteristics as Example 7. 

EXAMPLE 7 

Sample #21 has a construction in Which in the construc 
tion of sample #1, a magnetic ?lm, Which is made of 
GdO_3O(FeO_9OCoO_1O)O_7O With a ?lm thickness of 20 nm, is 
provided as the ?rst shielding layer 4. Thus, the ?rst shield 
ing layer 4, provided as the magnetic ?lm, exhibits in-plane 
magnetiZation at room temperature, comes to exhibit per 
pendicular magnetiZation at temperatures not less than criti 
cal temperature T4 (=120° C.), and has its Curie temperature 
at 250° C. 

With respect to sample #21, in the case of a mark length 
of 0.3 pm, the CNR Was measured by using an optical 
pickup having a semiconductor laser With a Wavelength of 
680 nm, and the magnitude of the erasing magnetic ?eld Was 
also measured; and the results shoWed that the value of the 
CNR Was 41.5 dB and the erasing magnetic ?eld Was 35.0 
kA/m. 
As described above, in sample #21 the erasing magnetic 

?eld is greater as compared With sample #1. HoWever, the 
CNR of sample #21 is greater than that of sample #1 by 0.5 
dB, and also greater than that of comparative sample #1 by 
7.5 dB. 

The reasons for these measurement results are explained 
as folloWs: 

In portions having temperatures not more than critical 
temperature T4 in sample #21, the recording layer 5 is 
magnetically masked With the in-plane magnetiZation of the 
?rst shielding layer 4 in the same manner as sample #1. 

In contrast, in portions having temperatures not less than 
critical temperature T4, the magnetiZation of record bit 16a 
(see FIG. 1) to be reproduced in the recording layer 5 is 
exchange-coupled With the magnetiZation in aperture 18 (see 
FIG. 1) formed in the ?rst shielding layer 4, and is copied on 
aperture 18. Then, the ?rst shielding layer 4 and the repro 
ducing layer 1 is magneto-statically coupled by the leakage 
magnetic ?eld generated by aperture 18. 

For this reason, in sample #21, a leakage magnetic ?eld is 
generated from portions closer to the reproducing layer 1 as 
compared With sample #1. Further, in sample #21, the 
magnetiZation of record bit 16a and the magnetiZation in 
aperture 18 of the ?rst shielding layer 4 are exchange 
coupled. Consequently, the magnetiZation of aperture 18 is 
oriented in the same direction as the magnetiZation of record 
bit 16a. Therefore, the leakage magnetic ?eld in sample #21 
is greater as compared With sample #1. 

In other Words, as compared With sample #1, the repro 
ducing layer 1 in sample #21 is subject to a greater leakage 
magnetic ?eld from closer portions. For this reason, it is 
considered that the CNR of sample #21 becomes greater 
than that of sample #1. 

Moreover, in sample #21, even during a recording 
operation, the recording layer 5 and the ?rst shielding layer 
4 are exchange-coupled at the center of a beam spot (the 
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24 
portion having a temperature higher than critical tempera 
ture T4) in the same manner as the reproducing operation. 
Consequently, the erasing magnetic ?eld of sample #21 is 
greater than that of sample #1. 
As described above, the ?rst shielding layer 4 of sample 

#21 masks the magnetiZation of the recording layer 5 at 
loW-temperature portions, While the magnetiZation in aper 
ture 18 at high-temperature portions copies the magnetiZa 
tion of record bit 16a in the recording layer 5 by the 
exchange coupling. Thus, sample #21 transmits a greater 
leakage magnetic ?eld to the reproducing layer 1 than 
sample #1. Therefore, sample #21 makes the CNR greater as 
compared With sample #1. 

Additionally, in embodiments 2 and 3, the re?ection layer 
10 is provided so as to prevent the light beam from reaching 
the recording layer 5; hoWever, the construction of the 
re?ection layer 10 is not intended to be limited thereby. The 
re?ection layer 10 may be constructed so that the light beam 
is alloWed to reach the recording layer 5, While the light 
re?ected from the recording layer 5 is not alloWed to pass 
through it. 

In the above-mentioned Embodiments 1 through 3 and 
Examples 1 through 7, a magnetic ?lm, Which exhibits 
in-plane magnetiZation at room temperature, and comes to 
exhibit perpendicular magnetiZation at high temperatures, is 
used as the reproducing layer 1. HoWever, the construction 
of the reproducing layer 1 is not limited by this construction; 
and any construction may be used as long as at least a 
signal-reproducing area (an area that is heated above a 
predetermined temperature (a reproducing temperature) dur 
ing the reproducing operation) comes to exhibit perpendicu 
lar magnetiZation. 

Moreover, as described in Embodiments 1 through 3 and 
Examples 1 through 7, When the reproducing layer 1 exhibits 
in-plane magnetiZation at room temperature, unnecessary 
information is not reproduced. In other Words, perpendicular 
magnetiZation, if exerted at portions other than the enlarged 
magnetic domain 13 formed in the reproducing layer, all 
tends to produce noise. Therefore, the application of the 
magnetic layer that exhibits in-plane magnetiZation at room 
temperature as the reproducing layer 1 alloWs only the 
enlarged magnetic domain 13 to exhibit perpendicular 
magnetiZation, thereby making it possible to reduce noise in 
the reproducing signal. 

Moreover, in Embodiments 1 through 3 and Examples 1 
through 7, a magnetic layer, Which exhibits in-plane mag 
netiZation at temperatures less than critical temperature T4, 
is used as the ?rst shielding layer 4; hoWever, the construc 
tion of the ?rst shielding layer 4 is not limited thereby. Any 
perpendicular magnetiZation ?lm, in Which the direction of 
the sublattice magnetiZation of its transition metal is ori 
ented opposite to the direction of the record bit of the 
recording layer 5 at temperatures not more than critical 
temperature T4, may be used as the ?rst shielding layer 4. 

Moreover, in Embodiments 1 through 3 and Example 1 
through 7, the ?rst shielding layer 4 is formed adjacent to the 
recording layer 5 so that it is exchange-coupled With the 
recording layer 5 at areas having temperatures not more than 
critical temperature T4. HoWever, a non-magnetic interme 
diate layer like the non-magnetic intermediate layer 3 may 
be placed betWeen the ?rst shielding layer 4 and the record 
ing layer 5 so that the ?rst shielding layer 4 and the recording 
layer 5 are magnetostatically coupled With each other at 
areas having temperatures not more than critical temperature 
T4. This construction makes it possible to enhance the 
masking effect of the ?rst shielding layer 4. 










